Using an ultrasonic technique preclinical atheroma was studied in maturity onset diabetics. The elasticity of the leg arteries was measured as the elastic modulus in 32 patients and a normal range was established in 13 controls. The elastic modulus was higher (i. e. the arteries were stiffer) in diabetics than controls and this was associated with a higher mean blood pressure in the diabetics. Nine phenformin and 10 chlorpropamide treated diabetics had evidence of more severe arterial disease than 13 diet treated patients. This could not be accounted for by other factors known to influence arterial disease.
Diabetics develop atherosclerosis earlier than nondiabetics and cardiovascular disease is a major cause of morbidity and mortality in diabetes mellitus [1] . Studies of the natural history of arterial disease in diabetes are limited by clinical, radiological and pathological techniques which allow detection only of advanced disease [2, 3, 4, 5] . Ultrasonic measurement of pulse wave velocity (P. W. V.) is a sensitive indicator of early arterial damage [6] and we have used the technique to study preclinical changes in the leg arteries of maturity onset diabetics. In this pilot study normal controls, patients on diet alone l Present address: Tutor in Medicine, Manchester Royal Infirmary, Manchester M13 9WL and patients taking a sulphonylurea (chlorpropamide) and a biguanide (phenformin) are compared.
Patients and Methods
Thirty-two maturity onset diabetics, 22 male and 10 female, agc range 45-65 years and 13 normal subjects, 8 male and 5 female, age range 50-65 years were studied. All the diabetics had been diagnosed more than two years previously and in each case their treatment regime had been unchanged for at least 18 months. All the females studied were postmenopausal. Subjects with diseases other than diabetes or on drugs other than oral hypoglycaemic agents were excluded. No subject had clinical evidence of peripheral arterial disease. Thirteen of the diabetics were on carbohydrate restricted diet alone, 9 were being treated with phenformin, dose range 50-100 mg per day and diet, and 10 with chlorpropamide, dose range 250-500 mg per day and diet.
Clinical assessment of the subjects included a smoking history, recording of height and weight, measurement of supine blood pressure (B. P.) expressed as mean B.P. = systolic + 2 diastolic pressure, 3 and examination for diabetic retinopathy and peripheral neuropathy. A subject was considered to be a smoker if he smoked more than 5 cigarettes per day. Weight was expressed as percentage of ideal body weight derived from the Metropolitan Life Assurance Co. Obesity Statistics [7] . Peripheral neuropathy was taken to be present when there was cutaneous sensory loss or when vibration sense and 0012 -186X/78/0014/0107/$1.00 the tendon jerk were absent at the ankle or when one of these was lost at the knee and ankle. An E. C. G. was recorded and fasting blood sugar, fasting serum cholesterol and triglycerides measured in each diabetic subject. The P. W.V. was measured in both legs of each subject using ultrasonic Doppler velocimeters placed simultaneously at femoral and posterior tibial pulses. The signals were recorded on magnetic tape and visualised using an audio-spectrum analyser (sonagram). From the foot of each waveform on this sonagram the femoral-posterior tibial pulse time delay was measured by an operator who was unaware of the patients' treatment. From this, having measured the leg length in each case, the P.W.V. was calculated. This pulse propagation velocity is related to the elastic properties of the arteries of the leg by: P. W.V. = (K/Q)I/2 where 0 is the density of blood, taken as 1050 kg.m -3, and K the volume distensibility elastic modulus of the artery wall per unit length of vessel. K was calculated from a knowledge of P. W. V. and O. A rising elastic modulus indicates increasing stiffness of the arterial wall.
Statistical analysis of results was by Student's t test and Z 2 test where appropriate. Statistical significance was taken to have been achieved at the 5% (P < 0.05) level.
Results
The normal subjects' mean age, sex distribution, mean % ideal body weight and smoking habits were not significantly different from the diabetics'. Mean B.P. was higher in diabetics than normals. Of the three diabetic treatment groups only the diet treated group did not have a significantly higher B.P. than the control group (Table 1) . There was no statistically significant difference in the age distribution of the controls, the diabetics as a whole or the diabetic treatment groups ( Table 2 ). The three diabetic treatment groups are compared in Table 3 . No sig-nificant differences were detected between the groups in any of the parameters listed.
The diabetics as a whole had a higher mean elastic modulus than the controls and of the three treatment subgroups only the elastic modulus of the diet treated group was not significantly higher than the control group (Table 1) . The phenformin and chlorpropamide treated groups had a higher elastic modulus than the diet treated group but the difference was only significant for chlorpropamide ( Table 4) .
The regression line derived from 28 measurements of elastic modulus in 13 normal subjects (i. e. both legs from each subject) is plotted against mean blood pressure in Figure 1 . Two standard deviations above this line is taken as the upper limit of normality. All control measurements fall below this limit. Two of 26 measurements in the diet treated group are abnormal while five of 16 in the phenformin and six of 16 in the chlorpropamide treated group are abnormal. For technical reasons the P. W. V. could not be accurately measured from the sonagram in one leg of each of two phenformin and four chlorpropamide treated patients. There was a significantly higher proportion of abnormal limbs in each of the drug treated groups compared to diet (Table 5 ).
Discussion
The technique by which P. W. V. is measured is well established. The measurement is highly reproducible [8] and is not affected by obesity of the limb. Various parameters of arterial elasticity including the elastic modulus may be calculated from it [6] . The elastic modulus increases with mean B.P. [9] and we have taken this into account in deriving the limits of normality in our study. Arterial wall elasticity (i. e. arterial stiffness) increases steadily with age [6, 10] . This rise correlates with changes in the tunica media of the artery [11] and with the development of atherosclerosis [12] . The change in the elastic modulus-mean blood pressure characteristic is very marked in early atheroma [12] and therefore ultrasonic techniques have been proposed as screening tests for atheroma [10] . The method we have used can, therefore, be expected to detect the early changes of degenerative arterial disease and offers a quantitative measurement of the degree of change. The technique is atraumatic and quickly and simply performed.
The elastic modulus of our diabetics was significantly higher than our controls. The only other difference between the two groups was a significantly higher B.P. in the diabetics. In the only treatment subgroup, the diet treated, in which mean elastic Table 2 . Age distribution of normal controls, all diabetics and subjects in the three diabetic treatment groups. There was no significant difference in age distribution between any of the five groups Age (years) modulus did not significantly differ from controls, neither did the B.P. An association between diabetes and hypertension is well documented [13, 14] . Common factors in the population may raise both blood sugar and blood pressure [15] and it has been suggested that a raised B.P. is the cause of the increased incidence of atheroma in diabetics [14] .
No differences in blood pressure or other parameter known to influence arterial disease were detected between our three treatment groups. Yet the chlorpropamide treated group had a significantly higher mean elastic modulus than the diet treated group and both the chlorpropamide and phenformin treated groups contained a significantly greater proportion of abnormal limbs. Since the reason for starting tablet treatment in our patients was the failure of diet alone to control their diabetes it may be that the drug treated groups represent a different population of diabetics more prone to arterial disease. However, while conclusions from this small, retrospective, non-randomised study of leg arteries cannot be extrapolated to the arterial tree as a whole, it is interesting to note that the University Group Diabetic Programme concluded from a randomised propective study that phenformin and tolbutamide caused an excess mortality from cardiovascular disease compared to diet or insulin [16, 17] . Our pilot study demonstrates the value of ultrasonic Doppler velocimeter measurements in the study of arterial disease. It is simple, rapid and noninvasive. Since serial measurements are easily performed, studies of the natural history of the lesion and the effects of treatment, particularly relevant in diabetics, is possible.
